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54) MOCVD VAPORIZER AND VAPORIZING METHOD OF MATERIAL SOLUTION 

;57)Abstract: 

PROBLEM TO BE SOLVED: To provide a vaporizer which is continuously used for a long term 
without being clogged and capable of stably feeding material to a reaction section by a method 
Afherein carrier gas that contains a material solution sent from a dispersion section is vaporized 
>y heating. 

SOLUTION: A gas inlet 4 through which a compressed carrier gas 3 rs introduced into a gas path 
'ormed inside a dispersion section body 1 comprised in a dispersion section 8 is provided in the 
iispersion section 8, a material feed orifice 6 through which a material solution 5 Is fed to the 
earner gas that passes through the ^as path is provided, a gas outlet 7 through which the carrier 
;as containing the dispersed material solution 5 is sent to a vaporizing section 12 Is provided, 
ind furthermore a cooling water 1 8 is provided so as to cool down carrier gas that flows through 
he gas path. Furthermore, a vaporizing tube 20 whose one end is connected to the reaction 
:ube of an MOCVD device and other end is connected to the gas outlet 7 of the dispersion 
section 12 and a vaporizing section 22 which vaporizes the carrier gas that contains the 
iispersed material solution and is sent from the dispersion section 8 are provided. 
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0. 2 c c/m i n©SfeB"t?Sfeb/£:, 
[0106] 

[0107] 2 0^5>f^;yx>'%'-^ ^ 4 6ii:li©^<^L':/*ig 
#:</X/^•^»5'4 6l^(CSii;SfefiS!B5*[5IlRL, i}y.^xi-^ 

L/C. 

[0108] 

[0 10 9] S/c. :a-»(g|J2fci*l©*'>^mP7ffliJ©i1.Bi 
[0110] 

30 [0111] {imm 1 ) *wc». H 1 tc^-rsiaw: 

l^«l©*®?4ff-ofc. 

[0112] 

[0113] 2fsWK:fe(,>r». Hkm^tifc^mitmici 

[0 114] 

[0115] ^aS(«J*i*l ©:tfXttP7(W©j1-iiD 

40 «SWIIififi»|l©«^©*«j5<g-Cftofc. 
[0116] 

[0 117] (mmmzy m5v:mm9i2v:mi>Moc 

[0118] 

[Oil 9]mmmi-cit^m2 3ic-^i»xiyii-i' 

2 ltcJ;^Jnf?ft«rtf-:>rt>ft:*i. mSB2 2 

©i1-jg{C©;«('t-^r4rl9:W/c. itc. mm&i2 3<o9im 

tc»?ftjai#© 5 0 . Silggaj 2 3 ©^^ip^ttf -> fc. 
[0120] moi^itmoimi tmrntufc. 

so [0121] 



[0122] :*:W{C*Jl»T». iktii^ titc^mt 
[0 12 3] 

[0124] ^»aJ3(s:ft 1 ©:(!f>^fflP7ffl1©51-ffl 

mmitmrnm i ©«^©#5» i / 3 m-oh -o fc. 

[0 12 5] 

[0 12 6] immms) meicmmmstcm^Moc 

[0 12 7] 

[0128] S^2 3©rtgp». :»tS8l58 

[0129] fii!<DMi»l^9!l 1 <i:|^«l^ 
[0130] 

[0131] *^{c*ji,»t:«. i^iwsn/c5fefig!|3j<tsj£; 

[0132] 

[ 0 1 3 3 ] SEfc. ^Wismit 1 <o:ff:^aimm<mm 

[0134] 

[0135] (mmm4 > 0? icit:x.mm>^mmm 

[0136] 

[ 0 1 3 7 ] 07 ( a > -cttp K 1 ocommicmi 0 

r * ») . D f K 1 0 ©i^S^r^fjtSP*!* 1 ©1*9 
g|J{C*Wfc?L©rtS<f:«iafl§I— iur^-So fie->T. a 
F 1 0 «:?LK:»*jAtfy£WC. ffi-C^-TSflift <7Ll^ 
fca^r F 1 O^EjS-rsCiJW-Cffi. Sft:. tr>^fti' 

[0 13 8] 

[0139] ft*}. ?#7 0 «P V F 1 0©«^:^rrSjifi/C^ 
«liW«:ffi|»*jgfiSor feJ:i>*t. a F i 0®^B 

[0140] 

[ 0 1 4 1 ] 07 ( b ) «p F 1 0 (,m^^mi<itcm 

Vi>i,. 3?g|!©S'{>A*ftS^^tJ5SP*«Jl<DrtgBk:*> 

t^<D\Hmt-cm^s n^^jiiit/xausi fts. 

[0142] 

[0143] ft*J. { a ) . ( b ) {C^LfcWtt. P •> 
Fl o©«B«cttD:«r*fit.rfcca|t?*s*«. P-^ YtU 

88 1 L- r J: t » c i tt c> -5 S r «> ft I » . 



(7) 1^2000-2 16 150 

12 

[0 144] 

[0145] (nt&fvs ) ms tcs-n^mmms^mm 

[0 146] 

[0147] 3js:0IIOMOCVDfflM^kS«. rtSUtCjgiS 
5 b *^tf + 1- y T55/:^^&mfb»2 2 k:2SS/c«&<d^:^ 

10 mmt. ^wr-s^tfcSBBi. — ig*iMocvDigg 
©sj*»tf(c^sn. ft^*i|«:^/;^ap7{c^^nfc 

tf+ -r r:yx?ran?^Lrmffc$ti-s/c«)(Dm<bgp2 2 

1 i , Rjgfttti^SlkDrtS J: 0 /hS ftj^=&Wr S 
P F 1 0 <t=&WU. P •> F 1 0©nJS<D»<bg2 2iiJ 
(c 1 X»2 tUi©tg;^«©3i6 0 P !7 F 1 0 tt 

20 [0148] 

[0149] flf^^+i- yT:</:^3*sSfsnS:^X3lSS(C 

ji*4^5*sfi«i&$nsi. mmmeamm-mit^ti 
[0150] ft*j. mm ■ isfbsjgjatctf 5fc*«c«. 

iX^©^ft=*i»*L/l». 
[0 15 1] 

30 [0 152] M*4?S>S5©««&W. 0. 0 1~1 cc/ 
mi n-Ctf^CtiJJffSK, 0. 05~0. 5 c/m 
i n-CtT'>C<t3C>5J:Ojffi:L< . 0. 1~0. 3cc/ 
mi nT?tf 5Ci*i3?){c»*Ll^. ai^©JS?4^ 

[0153] 

[0 1 54] S/c. yT;yx«5 0 — 3 OOm/s 
ec©aS-Cttl&-r4Ci*W$L/<. 1 0 0-200 
m/s e cCDiiarcmift'^-'SC t*lJ:»J*?S Ut,>. 
40 [0155] 

[0156] :^mVit. P F 1 0©J1-®«:tt. muR 
©jH 6 0 AsjfJtS; Lr 0 . *>-:>. :9-|JtSP*«^ 1 <!: P F 

1 0 i©ra{cttE^2gra*5???aE-r4fc«?). js^bt^-^ift 

[0157] 

[0 15 8] C©J;^K:, iijtiai]!g0S£<!:*ifit#TS 

50 «:^ja-r-5ci*3is»i«#ttmt»/cute©-c*s, Kii 



13 

J: ») -««:^t5(-r S 4>©iSt?ns. 
[0 15 9] 

[0160] fe{T. *S65S«9|*,k«3»iNffK:SiHjf -5. 

[0161] ^^mmm-cii. -'mtLX4mm.<Dm^m 

mSa, 5b. 5c. 5d (5a. 5b. 5 c»WISI^ 
[0 16 2] 

[0 1 6 3] ^n-eti»^fcL. jamfl[^«^^J:o^:Jllp^ 

-rS/cAtC. *0l)-r«. D-^ K 1 0©Mi|sf«t&?L6{c??t 
C©aftS-ttr^U5^'i^>e!'SR6 5<!:&4. :/U5 

2 0mm*sWSO<. 8~ 1 5 mm*ij: LI*, C 
©®Hi1-©«^; 3«^©Wm^M©l^;<7X©'5^1 
eS©*©iSR*iJISi»S^ll»//;^Asm<l:ail2 2 

[0 164] 

[0165] *09t?». P F 1 o<D±^m<mm6 e 

WS^56 7 i7^-/^•g|I5 8<^;=&S;^^-C*S, :9-tfc 
lfP*«^l ©n(a*^SB«:«>^MfaJ6 7 i-T^-ZN-SSS 8 
tcJ^fSLfti. a 2» F 1 0©WBIJ6 7©i1-S<tPCl^a 
©^tfSPi. ni» F 1 0©^--'<— tl^D^WN-©?''— 

-'■^ajii&^wr**. se-^r^ p j- f i o*0s±^wi 

*^6i*A-rn«. a ^1 F 1 0 tt^tJt^*«: 1 ©cfJ^gPrt 
[0 166] 

[0167] ^^m-cit. mmm i ©js^^ wm^: *) . a 

f F 1 o«:r-"Ai&a:i:f-cfi^Uri»S/c«>. Skgf 
/cin'J:»)felSBE©++ i;T*f>^*ffllir4>ci-y F 1 
0©^«l*P;5±-rSC<!:*5-C€fS. -r^ctofe. mSiCm 

©+-»'i;T:«/x©«j&*spjfieift^. -r^dJto^. so- 
so O m m / s ©ii5a©+ ^'jTijx ©«j& pjee i 
■s. stria ofcft!j©iijfi«f!|{c*ii,^r*>c©figjtS^»s?rt«ffl 

[0168] « 
Illf4®?BSSTS : S r (DPM) 
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* [0169] p 5» F 1 o©l^^^^?L6(c^ttc;•r 

S8ft»{c«. H9 (b) (c^-rj:^{c. +i.yT:tf;!^© 
a«SibT^67a. 67b, 67c. 6 7 d^mi&L 
r*s<. &^6 7a. 87b. 67c, 67©ai3iU 
rtt. 0. 0 0 5~0. 1 mmjWjy* L/l>. 0. 00 5 
mm*?irW«©^j!nn:*Jffi»i)5:So S/c. 0. 0 
1~0. 0 5dicfcO»$H-»o C©liHiTSC<t{CJ: 
«)aiS*«3:fei'©^**itc<^j:^. S/t. ?sais**^6 

10 [0170] 

[ 0 1 7 1 ] P f F 1 0©«^, :</XfflK©J^e£{c-oii 
r». SIJ60II 1 tcievt^m 1 «:^^«jS-e©f6©flteS* 

[0172] 

[0 n 3]imiK<Dm6 0it. 09 <a) (C^-T^^ 
{c. l3|Et?feJ:i,»3&s. ai 0{c^rJ;^«:1g»[2trT?*>J: 

t^o imi)i.<Dm^mm^mm.-r^m-^icit. ^p 

20 [0174] 

[0175] tgjSE4^©^6 0©^^ • miKicimicmm 

[0176] 

[0177] Uis^ 08«:^-ri*jO, 
ji^W. 1 8 (C J; L/ T 

[0178] 

[0179] tfc. :^m-Cii. ^Wl^22(DXn^miC 

fct^T. fii;5ggP6 9 43to£L-cisitr*s. c©S£5ggp 
•r-sfc*©aJ^T*s. 4>^5^. lessajeg^aiSL 

[0180] 

[0 18 1] ffisggpe 9«:*ji^sffi;sgftae ii^r«> 
5~ 1 0S*iSf*Ll». 0*^C©®Hf»3©«-&. SaelSfe 

i:m-r c <!: ft < ;m:yx^^t5(aJK:m*&-r S C i *j-c * 

40 FV^->©#lSE«cj:S}a^©?¥ii«rS/jNtc^SCi*it? 

6'>-7K**J:»)»*H,>. 3tt 
*$. 06«:7nL/cSlifefl(!l©*i^«:*5t»rfcjtf* uc^e© 

[0 18 2] 

[0 18 3] (sesfeiwe) H8«:m^iigi&m». 

[0 184] 
[0185] 
, 0.04c c/m i n 



C9) 



15 



«!ra2000-2 16 150 
16 



B i (C.H.) 3 
Ta (OC,H,) , 

THF 

+ 1- VT:*/;^ : mmii:^ 

1 0~3 5 Om/s 

[0 18 6] 

[0187] m^fcsiai LTttHSJc^-rs^a^fflii 

tc fete. Uv ¥tl>Xit. mBdCTFi-toy ficis^>x 
[0188] 10 

[0189] mmmm=s:mmmi^KQif^^mi^-r^tt 

I^I4««&fl.A>6». »6 7aK:ttSr <DPM),. » 
67b«:«Bi (C,H,> ^67 c{C»Ta (OC, 
H.) «6 7 d«:»THF*-€-il^n«iJ6bfc. 
[0 19 01 

[0191] mt^ici5if?>mm^vft>-r. tf^Koni 

[0192] 20 

[0193] ^<mi^^mmm mi 2 < a > tc^rse 

Kmf. HI l36i?.t>*»SJ:'5«:. dgiS*5 0m/s« 
-rs C itc J: 0 ^tStai^li/jNS < f) . 10 0m 

/ s feUi i -r ^ C i tc J: «3 » 3 6 {C ? < ^j: 

fc/c. 2 0 0ni/s«±iL-C4>^lfc8it^BfiSin 

^-S. fitoT. 1 0O~2 0 0in/s7&JJ:»3»*L(,»ffi 

[0 194] 

[0 19 5] (ll«6P!|7> :*:^-C«. H »^ UTiSig 30 

[0196] ffe(D*«SSSteW6 iHSibfc. 
[0 19 7] 

[0198] mmme-cit, aiosssujcfeor. aiic 

^6 7aOSSSBt?«, Sr (DPM),*i. m 
6 7 b©SSg|JT«B i (CH, ) ^6 7 cO® 
SaB-r»Ta (OC.H.) ,ifi^tx^tim>^ifi^iJ^ 

[0199] 40 
[0200] L<PL. jaWSi8f©SgK:*jl,»-C^ 

[020 1 ] 
[020 2] 
[020 3] 

^«:/§W«*&*'nIfiB?cMOC V Dffl^ftS«»m-r4 
C£*J-C#4. so 



0. 0 8c c/m i n 
0. 0 8c c/m i n 
0 . 2 c c /m i n 



[0204] 

[0 205] ^Ife^tC J:nK, ^W^mt^iSfii^-^Wl 

[HfficDtafmi^giti;^] 

[a 1 ] mmm i ccfi^sMocvofflms^sas*^ 
[02] mmmiicghi>MocvDm^it^<o±i^mm 

BIT?**. 

[03] MOCVD©>'X-f-A0-t?*>S. 
[04] 'J1f-^5f>f©iEffl@-C*S. 
tH5] ll*feW2«C^&SM0CVDfflSl^tS<DSS|}«ij^ 

[06] l|]|&{^3(C^.&MOCVDffi^^bS<DS^«^ 

[07] (a), (b) ifetC. ||Sfi|f}4«:<^»J. MO 

[08] mmm5icmiMocvDmmim=s:fntmm 

[09] ll)56«ai5«:«^.5MOCVDfflm^bSfcfieffl-r5 
UyP=S:fjkL. (a)«»jn0. (b)«X-X»rffi 
0. <c) «Y-YBfBS0-C*4. 

[0 1 0 ] 09 (a > (D^mmifjkrf&mm'ci,i>. 

[011] IIJSW6«:*jWi||©Jte*ifc^-ri^^7r* 
[012] (a). <b) <!;4>Cc€£3|5©MOCVDffi« 

^bs*7S-r»f®0-c&s. 

1 ^tS(8R*f*, 

2 *^;^3l»8. 

3 '^i-'Jr:^:^. 

4 ;y;^^AP. 

5 mmmm. 

6 M^«*&7L, 

7 ;y>^aP. 

8 ^tftgU. 

9a. 9b. 9c. 9d tfX. 
10 D F. 

1 8 ^feiPT^/c*©^© . 

2 0 mtm. 

2 1 ftn?^#® (t-^f) . 

2 2 m^kSSJ. 

2 3 mmm. 

2 4 «t*. 

2 5 mmmx^snm^m^ay . 
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2 9 m^m^^Ja. 

30a. 30b. 30c. 3 0 d ^:^:7a-n>ha 

31a, 31b. 31c. 31d ^^Jlzf^ 

32a. 32b. 32c. 32d •;if-:/dr>^. 

3 3 ^^Vr:tiXT^>-<, : 



*42 gf«P. 
4 0 

4 4 Jgl£«. 

4 6 iJT^f^v^. 

5 1 
7 0 



!|#K200 0 -2 1 6 1 50 
18 



[@1] 





81b 



[132] 



«Fra2000-2 16 1 50 




[H5J [07] 




22 23 8 



02) 



1^2000-2 1 6 1 50 



[ii6] 




ma] 

6a 




«Fra2000-2 1 6 1 50 



[09] 




so 100 150 20O 300 250 SSO 

9m Cm/B> 



!|^2000-2 1 6 1 50 



[ffilHBl ¥R)tl 1^1^250 (1 999. 1. 2 
5) 

[*^jE 1 ] 

[MjE^s^^^] mum 

®-is*5MocvD$ig®sts'g{c««s3ti. mn^m 

t T 2>MO C V Dfflm^t^. 

1 f 2«S©MO C V D ffl»YtS. 
[iS*« 3 1 firiB;fl'1RSIJiStriBa<bSUt ^SiBS-r 

^tS(8Wi)*>e>«Yb8IJ(|iJ{C[6i*>i,.rtSA5;*c#<^j:S 
7— ^cLTl>4C<!:*eHFlSiTa»*3Sl *yt« 
2 f e^©M O C V D bS. 

i-r-5>^*lS 1 ifel^O 3<DC>-m3&> 1 «iBK©MOC V 
[19*15] B>lia^fJlSI5», RfSS^ttJ^gU^rWrS^ 

firi>fm.m 1 3<Di>-r4i*» i «tB«©Moc v 

Dfflm^bS. 

f SiS^^S 5 iB«©M O C V D ffla< bS. 

rsMocvDfflm^bs. 



©**xjiK{cMBE$n?fc+ + y T^>^€r«A-rsyta>© 

;^x3SAnt. 

jm«§?g*dt?=^^i' •Jr;*f;^*m4baiJ{cSls?t»©:tf>^ 

0- iSg*iMOCVDSIg©Sl£;e«:^3n. flMg*iBO 

;*fx*MJ»l/rm3-e-Sfc»©a<bSIJ<b : 
(3>wfiB^»aWl. Rlgftttp^%Wf *^tStSlt*«:i. 

SRi^t*:*^gi5©rt@<t f) /hs tn^m^m-r s a k i 

^. Ftt. ■^•©^1•^©s^^bs^!lJ(c i xi* 2 axtcmm. 
^(om^mv. -cp-^. ^Rigft^ifi^sstcjfASftTi,** 

C t *!ttm i-r ^.M O C V Dffl^lbS. 

1- ttcC i %1^ir -5^^ 8 tE«©MO C V Dffl»fb 

^fSWJfe C £ *!|^ i -r Slt*l« 9 fBlS©M O C V Dffl 

ft'fbiSo 

im^mi n mr^SBgigiJtt. :»t5{3Ufflii*^e.a<ksiJffiii 

[is^ 1 2 ] Bu^p F«ffi»s»iwig$nfc*a 
1 iMBts©Mo c V D mmtm, 
t^fcci«:i|$mi-riif*«8!&c^o 1 2©u-rn*ii 

3^Btt©MO C V DfflM^bg. 

Si»*3l8&t.*L 1 3©t^-rn*>lJ«iBig©MOCVD 

ffiia^bs. 

»»g|Jffll3ai6»^bSPlliJ{cisj*>(,irts*s:^t<^c 

55" ws-«:^c b-Cl^-SC i*!|#»i-r 5ii*]S8 
L 1 4©l>-rn3!Pl]lfBig©MOCVDffl»^bS, 

s ©sKist?* j* ^-sscitcjco mmmmmtmrn ■ s 

m^n] llW«iSR«0. 0 1~1 c c/m i n 
■CSrFt-SCi*!|f»i-r-5S*5Sl 6ffii8©MOCV 



(15) 



!|$Pa2000-2 1 6 1 50 



•nmm 1 5 L 1 8 <Z>C»m*» 1 :SiBi8©MO c 

[0 00 n 

[0002] 

[^?B©W©] DRAMOPg#6{C*jl,i-CWIii?cS© 
C:©*fmi L.-C 1 M*-C©-feJl/«ig»7'U-:M8J§f* 

i;s i±'cfmimtcwBmim'S:mi-ri>m (c© 

S®§tl/ti8^r-«{CON|g<»:l^'5. ) 

[0 00 3] L.*iU. C©J:5^cti^:^rW:?'DH2;^ 
©ajtt{b«c J:SXSa©lt»n^j: P>t/(c©M©*ft^«: J:* * 



SrCDPlOi 

Ta(OCHi)t 
1HP 



[0 00 8] MOCVD;aK:ffl(,i-5i^g». SrBi, 

t>itimjts», s r B i . T ao, mmmm^z/K.mit 

[0009] S!3fe. ^^bStcM-rS^'cBi LTtt. E 1 
2«:m^fe©Aifej^*irc>-5, 012 (a) cc^-rfc© 
i»>«/7^^i'df-s:itt;3n?>t.©-c*0. ^HCc?? 
SET Sai^i S r B i , T a O, ?S^«**SlSil«?§IS 
i©^HS*ttfln3#SBWCfflt»6nfc>f ^7 y 



*^«)©fiT*JWgia3ti. 2 5 6Mt^-^ \-&m<l!>^ 
ttHitr^SiSnri^S. *©fc»3»fit©DRAM© 

^jg*^^r{cM«c*aS^iiJn3it€>/i:i?>© 1 -zxoM 
iur, ^^■t'>'<j^5f>;^©il^<**il^©iftt»?S^m 
«:©fc©tcwo#^ri><:Sn&*i^^Ui3n?t. -e-u 

Sm$©iSt*SI««^ia<!:b-CTa,0.. Y,0,. 
H f O, «c i'*Sigff^^^^gfiit4:^f t^©|8ig*J 

* 3 tifti. -e ti-en©Jt^«*»* T a , O , *i 2 
8. Y,0,35S16. H f 0.*«2 4ett-C*»). S i O, 

©4~7fig-C*-2>. 

[0 00 4] U*>U2 5 6MDRAMJ£(^-C©<iffl(C 

J:»)36{cBfl»ttllSi^**>^> DRAM'^©)affl*JiW 
#3<ia«i^<tl/-C. (Ba.S r,-.> T i O3. Pb 
(Z r,T i,.,) O,, (Pb.L,..) (Zr.T 

o,©3Ws*JW;t>m3nrt^s. ttc. mmm 
m»^mi>mm-cs>K>, i^ccy i*t<t*s?3n^s r b i 
6. jfi^Air<as3n-ci,>4, 

[0 00 5]-«{CSrB i . T a 0,5^Si*«|gJf5fiS 
^a<J*>o^f*f4©*SMOCVD (WH^affl 

[0006] msmi$^mm<ommii. -«mic3mi<D 

mm^^WS r (DPM) B i (C,H,) ,SCXT 
a (OC,H,) .-CfeD, -e-tl^tlTHF (f^h^t K 

n©«^!»i4*^ 1 tcs^-r. 

[0 00 7] 

[^11 



7 8 
2 0 1 
22 
-10 9 



[0 0 101 L*>L. c©fi8^{c*5i»r«. »@©m^b 
[0 0 1 11012 (b) imnmeacs 0 k e f y c 

m'OKtiiMiX 1 0 um©iffl7L*'6Mf4^*Sctil 

[0012] t/*iu. c©e^a5K:*jt^r«. i0ag©iieffi 



CC) /ff* (mmHg) 



2 4 2/1 4 
2 7 0~2 8 0/1 
146/0. 15 

67 



(16) 
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[0 0 1 3 ] s/c. mmmmtfi. ie»©w«NfeM^«:© 

m^mei. mW. Sr (DPM) ,/THFtB i 
(C.H,) ./THFiTa (OC, H, ) ^/TH F©ig 

^. m^<Dm^M(^^mm (c^js^thf) ^si^^a 

[0 0 14] 3 &{C. MOCVD«:*j(,»r, i^ttK® 
[00 15] 

[^Bg*i»^t^J;^£-r5ifiS] *^??W, mm^*)rj: 

=&ii«-r s c i *a wi-r -5. 

[0016] *^B^{*. Mi^?§?SE*Ji^-K:^>«tL//c«{fc 
tf^^ni>Cti)i'Vft 4MOC V DfflM^tSSOfl^^ 

[00 17] 

mm^m^r^fcifxD^m *«w©m o c v dw^ 

®-^*JMocvD^s©sjct;tK:^^$n. fi^dito 

[00 18] :$:^??©MOCVDffl«{bS». 

[0019] :$:^o)MocwDmmmm&o>m.it:^m 



tt. /P^^flS*. :y>^jiJS«:o . 0 1 ~ 1 c c/m i n 

r 1--1 0 kgrwf /cm'©ffi:*J©+-f ';T:</>^*5 
00~2000c c/s©fi6iari®S*3lt-SCi{Cj;D 

[0020] 

immmi mmm o 0 1 tcnisw 1 k^r^moc v 

[002 1 ] :»l5(aJ?:#fi54-rS»ii(gP*i* 1 

+ V 7tfX 3 *3»A-rS^ti*©3!/X3»AP4 

iS:^mm2 iimm-r + 1- >; r ^ x jc/^^jg? 5 

WLb *^t?^= f >; r :^/X*mfb*2 2 tC3^^/c«t>©:«/>^ 

ttjpTi. ;tf;<a^g2rt«:ssn*+^'^;T;V;^%^&aJ■^- 

ztcib(D^m (?^7k) 1 8<b, ^*-rs^«5jsc8<b. 

sua ©;«/;^ HJP 7 icmmS tlfclR-fk® 2 0 <!: . Si^tg 2 

nfc++ yT:yx%MS»LrM<b3-&5/ceif)<3[)m<tsiJ2 
2i. *wrs, 

[002 2] fe^T. 2t:J|J®t«);Sr J; »j|$«ffl«:gi?g-r-6. * 
mvit. ^f&S!i:^W 1 ©rtSPtc 4.50 minS©?L (R 

7L©rtaj:0«>At^ii^*#rS (4. 48mmS> 
P F 1 0 ^ais?)jitf. :»t5jgp*{*<h a K 1 0 t<Dm 

KlO»l:^;^9a. 9 b. 9c. 9 dtcJ:*3B^3tiT 

C^-S. J&fc. i^:^m¥&2(DmitO. OlmmiJ^^, 
[ 0 0 2 3 } /Jc^J. :^/;:^jaSg©i|iiiL/r«, 0. 00 5 
--0. 1 0mm*sj(f$L.(,». 0. 0 0 5 mm*?i"CWJtlD 
X**ffljKr*S. 0. 1 Omm^iBiLSi + r yT;«/>^ 

[0 0 24] C©//>^ii8S2©— 4S{Ctt//X^AP4*« 

t9:t-te>ti-c«,^€», **x^ap4{c«=i^i'>;t3V^ cm 

[002 5] 1 ©a«**©ffliiaj{cw. 

ius2«:aa-t*L«)r;^eMi&Ti6*i9:»rfto. 

[0026] #;^aig2©-isg«c«. M<baj2 2©a{t 

^2 0K:aa-r**f:^WP77&Ja:t:t6nrt»S. 
[0027 ] ^}-aJta5:*fl: 1 CC«. I 8 ^rfiK-T/cJs?) 

©^M 1 1 jwmess nrfc o . ca>^mmam^s * 
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[002 8] 4^. :»tftSP*?feai-riCi«:J:t). gffi 

felt ^mmK. J: ^ mm^^-Th ctimmK 

[0029] ^|feg|5:4^^* 1 ©TSSrocctet^-r . 

»i tt^<b©2 o{c«Msnri»-5. ^mm^» 1 i« 
[0030] m§B2 2 wm«2 0 i^mm^m (t- 

5f) 2 1 iA^^^sSSnS. t-$2 l«iaffc'g20|*3 
JU?- cc ^^^Si^ke 2 0 ©Jl-SlCte ») #W S C <!: {C J: 

[0 03 1 ] si,itm2otLxit. m«sus 3 1 6 

2 0©-d«B®S^S^n«J:l»*i. mif. i1-S3/ 
[ 0 0 3 2 ] b« 2 0 ©mWJJSgBMO C V D 

m^micmm^Hiift. :^mvitmes2 0icmmm& 

^13 i L r ^e*^*&P 2 5 w r * "3 . 3f ^©sajc 
[ 0 0 3 3 ] sr. m{fci&'^©M^f«»[©«J&«:-o(,»r 

*l. ';-»f-:/iJ>i'3 2 a, 32b. 32c. 3 2 d 
*s. v;^7D-3> hn-^3 0 a. 30b. 30c. 

3 0 dRUf-'->MI':/3 1 a. 3 1b. 3 1c. 3 I d^fy 

[0034] 4/c. -en-eti©';if-:/^'>i?3 2a. 
32b. 32c. 3 2 dtctt+f »;T;</>^jK>'<3 3{C 

J^snri^i, vif-7'a'>i/©iPifffl^lil4K:ij^r. 

[00 3 5] ';if-r^^>i'«:«. JS*4^J5i^aiSn 

r*j»). *n^n©';tf-A-*>i7 (rts«3 00 c 

c. SUSSatC3kg f/cm'©+i'';T*f>^*2l») 

ti4/c*. Mt4^«iW;^<i:«Urt>5»J©§rt?:»0 
±l-f6ti}Rf*fflv;^7a-3>hP-^ (STECS. 
V}[,7,^~-)VmM0. 2 c c/m i n ) STEEiHSn, 



CC-CiiSifiJ&sfiiepSti. «^fcS©Ig)PW«&AP2 9*>€. 

[0036] v;j^7 0-=i> Fu— ^ (STECS. 7 
>>l^:^^r-j|/SgSfi2L/m i n) -C—W^icWM^titc 

7a— ^ (STECSf, •y)vy.J:r-')VT$tS.2 
L/m i nr-^SSatCj^liiPSn/ciR^ dMbSD) «>S 

[0037] Mf4^j«». m\-c^i,TH¥ icnm-cm 

mtWlkbfdiim^ifi. CtitcJ:o-CBB©©B!S«cfJ& 
fc*tc«. ^fPlli|^7^©ie«rt*JJ:CXM{bgrt4T 
4. «fem*. 3>ha-^©aPflB*> 

[0 0 3 8 ] ^t>«/:/3 1 b. 3 1c. 3 1d*^tU. 
•Jtf-:^f 3 2 b. 32c. 32drt{C+f yrjtf 
x^BEjMLfc. Jl!f4;^S«. t;^:?^-^^ 
(STEC© yJVX^-JVmMO. 2cc/min) 

[0 039] -ys. 4^ 1- 'J r:</;^«rmfb^©:</>^*AP 
*>6^A0fc. fjjte. ';T//;2iM©iI:^**>l*-rtf 

iint? K 1 o*siRcfm^4s-en3&s*ifc*. «i&pflpj 

©^:;AdI;^«3 kg f /c m'JWTir-Sd iJtdirf* L 

< . c©i #a3iapj#6%«:;*cssEa»*j jc-e- 1 2 o o c c 

/m i n -C* 0 . ass 2 ©a»«Edi» W»[+m/ s 

[0 04 0] ^<bs©;tf;^a882«:ggns+f yT:^^ 
f yr;!(/><©lg«iJfe«:J:iJll»r3tl. fflffcte^fcsti 
r^Sifs. ;i*4^j«*sjHa»ie^imr:»i!(b/c+i-y 

T:tfX <J^«*;^) »iSS£©**a^bSIJ2 2«:tta3n 

[004 1 ] -m^&(x.mmstitc3m<Dm.nmmit. 
■e^i-en©M*4#»&AP2 9*^l-c;^«*&?L63{p6 

;«/xaK2«CifeAL. ifta^iJQrofc+f yr:</Xi 
4. »tXgP8K:*ji,»T*>. Mf4^fK{imS|52 2d>6© 

mic^-^ximstiTHF(om^iii{&m$ii.?>fti^. m 

|S|««&AP2 9*>6M«^?L6 *t?©EIS&Uf^xa 
ffi 2 ©Elffl**ii*{c J: o r ^i^i-r S . 
[0 04 2 ] ^fifcaB8*ie«5cHi$n/(C. yT;</;^iti 

m«©ss{cj)nj!6snfc^ffc^2 ortsu**e^*{csi^b 
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iiHSM^ tiMO C V D ©Sf&gCciijjif -sa iftcgait 6 

[0 04 3] gfM34 2!0i^*^j}<>y O^kS-T) % 
if«J2 0^raoSE»f^K:J:DSl6e4 4|^©* 

[0044] ^^bg{cj^*4i(^»4 0 0 c c/m i nf 
«ELfc. — 3 kg f/cm'©+i' yT:«f:^*49 
5 c c/m i n-CWtO. JSlE*&4 4F«9J&+1' VTy/Xt? 
+:a-i^/cb/c^. -'>';l':/4 O^^aUfc. :«/;^aP7tC 
6 7 -Ci ») fc. 

[0 04 5 3 m^ke2 0|*J«2 0 0-C. )5{Be4 43i>i5 
:tfXAo»d'4 6*t?©KmRCX:</:^Ayi'J&l OOXJ. 

jsacif4 4 rt* 3 0 0 'c- 6 0 0 'ccosni^ L-yt. 

[0 04 6] •;if"r^a»>i'rt?&^^f UT:yxrJnBE 

[0 04 7] S r (DPM) B i (C,H,) Ta 
(OC.H,),. THFS-eti^tlO. 04cc/mi 
n. 0. OScc/min. 0. 08cc/min. 

0. 2 c c/m i n<D^feS-Cii£L'/c. 
[0048] 2 0^fa:*/;^;>'<y i'4 6ii:M<D>'^Vl'yifcig 

L/C. 

[0049] S/c, ^9-tS(gP*ft: 1 ©**^^aiP 7ffliJ(DJi-M 
©W«fi» cr < tor r> A:. 

[0050] (tk^m I ) *««i-c«, m 1 tc^-r^igcc 

IS5«©llli?4lfo/c. 

[005 1 ] ^mM^Ttt. ftiasn/tM^tSfo: 
fc, 

[ 0 0 5 2 ] i fc. ^»SI5*«: 1 ©:</;^HlP 7flB©51^ffl 
K:feW*^{t;!fe©f^«S*a'J^L/c*SI^«. g^{fc!^©f^ 

mmittm^m i ©ia^©iif} 5 fgr *> /co 

[005 3] (Ilife««l2> 05CC||J6Wl2tC«S-5MOC 
VDffl«{bS*S^-r. l|j6Wl-CttS*ISI52 3«C-3(,>T 

^ta52 2©J^jg{C©it>t-:J»?:ig:lt/c, «i^gP2 
3 ©i^^K: 5 0 J&SW . 2 3 ©f&»?& 

[0054] :^miCisl^Xit. ^m^titc^fmitKft 

^K.m-^&\kmutc^^'p<D^mtnmm 1 ©ts 

[0055] */c. 1 ©;tf>^HiP7(II©nffl 



mmimmm 1 ©»&©**» 1 /3 <i&-c*ofc. 

[005 6] (l|ji{^3) 06tC|^ini3(Ci$<&MOC 

[0057] :^mvii. 3©rtap«. ^»aJ8 

*»?.maJ2 2{ci»i*i(,»rtSAS:A:*<^c*f— -'^-5 1 
*)5:0-C(,»S, *i3CP5f— >'^•-5 l©fc*^©SP^7' 

Ky->35iffe<^o. Mi4©j©ig*i»±-r^ci**r 

fl!!©,^«^W 1 iig^t L/C. 
[0058] :*:Wc*j(,>r«. *^ai3nft:4J^ijS(& 

ai&Kg^^t^^it L /cst£;iCff ©^i8jttiite0ii2 ©« 

[0059] tin. ^»S»*» 1 ©:«fxmP7ffl!l©niii 

[0060] (mmmAr > m i ic:ffxm^<o^mmm 

*jnr. 07 (a) rttOt. h* 1 0©«ffiK:«7 0*J^ 
fig LT* ») . a v K 1 0 ©J^^^gJtSMcft 1 ©rtaJJc 
*lt/c?L©F«iStKSK-iL/T*-5. n F 

1 0 4?L{C Bai>3itf /i: . lS/C»-r -5 CLf3:< ?LF«3K: a 
K 1 0*Eg-rSCi3{>5r*-5, S/c> i^Xii^ikm 
^,^S^^^S^>J^C^,>o C©?«7 0*S:y;^M8Si/cCS, 
[006 1 ] i&*J. SI 7 0 ttD K 1 0©fi#:&I$JItl'C^ 
ntmjicWSC^MsSi LT *> J: «,»3&i. □ K 1 0 ©^ffl 

[0062]®7 (b) «a-^ F 1 0{C3^gB=&a:l:f/cM 
-C*>S. f?SIJ®»fe:A:#/j:S*^fJ[SMs:t|ji<DrtSiJCc* 
l^/c?L©rtSi«t3f|^-iLT*4o ?i|gPi3^SBt©ra 

[0 06 3] ^c*$. (a), ib) iCTikLtcmit. 

F 1 O©*®{CJniX5rSfiLr/c0i)-C&S*s. HifFiL 

[0064] (mmmb) matcmrfitmmmb^mm 
■r*. :$^m<DMocv Dmmtmt. rtsutcj^ss^n/c 

;«/;^ji«Si. :</XjiJStCjDII3n/c=t-i'UT;?/;^3«ri» 
A-rS/ii*©:</X»AP4<!:, :^Xffl!S«CR|E}ag?8!5 
a. 5 b?r#»&-r€./cfe©^©i> M*4?§?K5a. 5 b 
*^tf+i' ';T;y;^*^^b§P2 2{Cit^/cfe©:^XttlP 
7<b. 4W-r5»«JESP8 4. -«*JMOCVDigS©S 
j&if{c«iK$n. fife4i8*i«ir:«/xtfJP7K:«iK$n/c$ijt 

WL. ^tstgP85{>»6iii^ti'c&/c. jmrnrnt^ti^^ 

•JT^:^*ftB»Lrm3-a-S/td&©mg|J2 2i. * 
WL. :»tS!a58W. RfSt^tf ^a5*«-r4»»8»3*:(* 1 
<!:. R©St^;4'?gS|5©rtSJ:>3/h$/j:i1-S^WT-50 9 F 
lOt^WL. F 1 0©J1-®©»fbS2 2iBiI«:iX 
it2SU±0>imiK<omQ 0 «rWL. a F 1 OttStRgf 



CIS) 
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[0065] nSM<0=^ f 'J rti^3ffimtii>t>:^m^«. 

[ 0 0 6 6 J m«i- mt'kmMicn ^ /t»{c{±, 

;>:^CD^#Al»*b(,>. M»^ffl!5©fife|i&W. 0.0 1 
~1 c c/m i n-Ctf 5Ci3il»*L/<. 0. 0 5~ 
0. 5 c/m i n-C?T^C<!:j5lj:0W$t/< . 0. 1 — 
0. 3 c c/m i nrtf^C4*S36Cc»*L<,>o ttIK 

[00673 */c. +*yr;yxB50 — aoom/s 

ec©aa-C«*&Tec:<t*i»*U<. 10 0~200 
m/s e c©jierce^-rSC<!:*sj:»)»* LC^. 

[00683 *ff9-c». xxv^\ o©^1■s(ctt. 

1 o^©la{c«|©|ffl^fBl*^??^^•r-sfc^s^). srtttsitft: 

[0 069 3 c©J:^{c. iaais6i]K@Sgiji«fiH¥-r* 

^6n-5. iSiiss©#iE«:j:o, »snM:3a^v:^A5flft#. 
:z;>:©^n}<»J*D-s, c:©-;>c©g£*iK:j;i5. m^mJ 
i;T;y>^©jg^*scE3t3n6. rtjit>h. fisiaisg© 

D . C ntC J; r il^ k b fcWmmmtfi^ + y T:tf >^ 
«f {c 0: 0 -filtc^tSc-r S ^> ©i S toti ^ . 
[00703 JUT. 2|s3U6m J: Oi^fflJcgi^S-rS. 2(5 
HHWrB. -filter 4tBBI©J^«gj8[5 a. 5b. 
5 c. 5d (5 a. 5 b. 5 c «W«^MR 5dB 

[0 07 1 3 -en^timu. ia®ieE^^«^^co/^:M^ 

■rS/cJi){c. ;4:«?!|-C«. P K 1 0©J[^«t&?L6{Cj* 

ifef ssiJ^©T«ESi5^tci!S*s«©^>ii,»sij»*giwr 

C:©aB^»7'U5+-»i^SI56 5«b^C-5. T'US 
+^>d/SP6 5«:*JI,»T. 3SS©Wf5^©;il4**^ 

tt^sgss^sn. 3 etc. TS£©ms<«jg©^jiS{c 

^ni>fcmax. C©5+^'>i/S56 5©fi^(i. 5~ 
20mm*s»*U<. 8~1 5min*sj:«?if$L'«.>. C 
©SSHil^©®^. 3«H®W«#S©/^#;^®^^1 
ffi9®»®m3&«iiSl^ig^J!il4:«/X}6iM^bSS2 2 (C^6 



[0072] a F 1 0 <0±mAam^Q 6 

tCB, W^6 7 if— >'N-gB5 8 i*Ul^T*S. r^flJc 
1 ©R©4i3SSP{c^>W^6 7 if— >'f-gP5 8 
(c5*fBL/fc. n ^ F 1 0©WaiJ6 7©i1-S<!:Pt;i*jS 
©WfiWi. n-y F 1 0©f•->'^•-^l5Il;f— >''f®f— 
>'>*SP<!:?:^W-CAS. SEoT. d •> F 1 0^@®±fcfflij 
3&>61f A^ntf . D 3» F 1 OB^tfeSMs* 1 ©>4»£gl»|*3 

[ 0 0 7 3 1 ISffi«l®tB^il3:SftO. O 

F 1 0«:7"->'<*s:wt:«^Lri>s/ca?). 3 kg f 
/cm' iO^biSffi©*-*- yT;yxj&flic>t:fea y F 1 
0©^Wl%|»±-rSCi*st?*i. astern 
f ^^JI5=&Sffl-rti«. 3 k g/c m'iU±©ff;t>-c 

©^^f yT:y;^©«^*«Jt6iSS. -r^to^. so- 
so O mm/ s ©iSji®^= + y T;'5/X®«|^fepJ«6ift 
5. HuiBLfcf6®llllfeW{c43l»T^>C®«»fi^^B*Sfll 

[0 0743 tuis. a t» F 1 0®I^^lL65c>PtJt;-r 
sSiJ^tcB. ag (b) {c^'Ti'SCc. +i'yr:y>^® 

a!SiL-C-^6 7 a. 6 7 b. 6 7 c. 6 7 d ^: JKsS L 
r*J<. Sjj|67a. 67b, 67c. QKOm^LL, 
Ttt. 0. 0 0 5~0. 1 mm55J*f * L/O. 0. 00 5 
mm*?^t?l3:«©^ff^»[n:*sffi»<i:^d:-2>. Sfc. 0. 0 
1~0. 0 5*iJ:»)JfSbt,>„ C©3Sai-r-6Ci{cJ: 

[0 075] n 9 F 1 0®^. :<7^jiJS©?|5fiS«COt=. 
TB. Il«te«a|i K.isV)i,m 1 {c^^«^!S-e©flS©«^* 

[0 07 6 3 tS]Sa^:©^6 0ti. 09 (a) {c^^J:^ 
w:. 01 OK:^-rJ:^«:SlK*t?feJ: 

[0 07 73 tSifeK©St6 0©^S • J^tC«!^{CER^ 
$nT. 09 (c) iCnkU1f^'mtKifi-mtUXi> 

[0 07 8 3 *««)-CB. SSJC^rifeO. :tf:=^ 

oiKSB. ?&a)7icl 8{cj;»)?^l/m5. 
[ 0 0 7 9 3 Sfc. 3|EWCB. :»«SP2 2 ®AP*«Sr«: 

*Ji»r. litSgace 9*!teSLur^wr*s. c:®S2;^gp 

6 9B||«6^3K:*jtiT, ^'<fcJ[^:y:^©^S?:E)5± 
■r-5;fci?)©aJ»-CA5. ll£®SU6 9«:!toJ:U 

TiftW5.i:»SB)t<, H6K:mLitJ:5«:— «:<tLfc« 

(0 0803 fl£SSaJ6 9 tcfct^ St£SgftS0 i UTB. 
5~1 0S*s«F*l^t». 0*JC®f5Hl^®«^. 



4. esSscKDffiHrt©*^, <fc&a£(*aia 
*ia/ht/j:»3. tic. r^V<OU&m/}>ti3i*). 

^•5. JSfc. eiLri*. 6~7ap)5SJ:»J»SH,». J& 

IPIS^SSEarFa : Sr (DPM) . 

B i (C,H,) , 
Ta (OC,H,) 
THF 

1 o—asom/ 
[0083] mA^mt Lr«a 8 ic^f 

[0084] MI4?§j«4MfBf«i|i&?L6 J&^e^J&r-Si <!: 

JDK«W&7L*»6«. SIBTatcBSr (DPM),. m 
6 7 bCCBB i (C,H,) jt6 7 cCC«Ta <OC, 
H,),. «6 7 dfCttTHF^fc^ti^tifiySLfc. 
[0085] ^'ffcSPCC^Bl^ SflDJ»%tf :</Xffln7 

[0086] -e©ism*ffl>J*fii (la 1 2 ( a ) tC^Tfif 

3|£W(C^R5^*fflt»fclS^* 1 tT*) iLrSl 1 

KS^-r.^l 1 *i6fc>*>SJ:^>6C. filEa*5 Om/^sKt 
±t-rSCt{cJ:t3^iJt«[T^«>'h3<!6:0. 100m 
/s feUrif S C i{C<fc 0^»tft^»3 < ft 

4, fc/c. 2 0 Om/sJi(±iUrfc^|Sttl^S»tSia 
■r-2). fi^o-C. 1 00~200m/s3&JJ:D»*H,»IS 

[0087] (ia6W7> *«|-C{*. Kil/rjflM£ 

^it Ufc. 

[0 08 8] SIJ(5t^6r«. ?»©SSgp«c*jc>r. ^tc 
to^. »8 7a©5ISgPt?». Sr (DPM) M 

6 7 bogfigarwB i (c,H,),*s. m^i 
g»-c»Ta (oc.H.) ,3&i-en-enf6®ige[*t?s*> 

[0 08 9] U*>L, :*:t^t?tt. SD5g?t©^tcteCirf# 
6nfcig^im*'x « i'©g|J»{c fee >X 4) SWtS^SM 

[0090] 

J£W^J:M^s^«i^&36loIfi6%Moc v Dfflm^bs*ie«-r-5 

[0 09 1 ] :<s|ifeH^CcJ:n«. W8^Stt*4*«l^-~»fiJf 
[asoffiWjtSiqg] 
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[008 1] (njswe ) 08 «:^-risi%fflt>. ^^xfs 

[0 08 2] 
0. 0 4c c/m i n 
0. 0 8c c/m i n 
, 0.08c c/m i n 
0 . 2 c c /m i n 



[HI] HiSWI 1 (C<JRSMOC V Dffla^tS©SS|J€:m 

[02] 1 (c^^MOC V Dffi^^l:S©^fl«rB 

[03] MOCVDOi^J^T^AHT**, 
[H4] ';-!f-:/ir>ir©iEffiBlr*.S. 
[05] ^Jfi0<l 2 tC^-SM OC V Dffl^f fcS©S8B*7K 

[06] ll*fi{W3K:fi&iMOCVDfflS^bS©Sg|J%^ 

[07] (a), (b) <fc*>{C> *teW4{C^f), MO 
C V Dfflm<tS©:^xaUS®^«a|^^-rBrffl0-C& 
■5. 

[08] ll«SW5K:^SMOCVDffla^b«%StT»rW 
0-CabS. 

[09] JI«SW5CC^SMOCVDfflm^bS{Cfi^-rS 
a-yF*mL/> (a)»ffl(lffi0. (b)«X-X»fE 
0. (c) «Y-Y»fffi0f*5. 

[0 1 0 ] 09 ( a ) ©^J^if!l«:m-rffiiJffl0-C*4. 

[011] l6tefi«!6{c*jl:fSII»]^*^'r5*'^7-C* 

[012] (a), (b) <b*>{Cfie*®MOCVDffla 
^bS^7nr»fliBt?*S. 
[W^iJiW] 

1 :&tftg|J*f*. 

2 :^/;^a!fS. 

3 +i'yr5!/x. 

4 *->^^AP. 
5 

6 l^fliif&?L. 

7 ;«/:^fflP. 

8 ^tJfgP. 

9a. 9b. 9c. 9d l^X. 
10 \iv F. 

1 8 ?&*JJ-rSfc«)©*e (?ft»7k) . 

2 0 «<b®. 

2 1 ttJ«l*® (t-df) . 

2 2 ^<bai. 

2 3 



C21) 
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